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Introduction
We previously described an anomalous accumulation of cell cycle dependent proteins in circulating T lymphocytes of HIV infected patients. [1] [2] [3] [4] Intracellular concentration of short-lived regulatory proteins, such as cyclin B, 1,2 cyclin D and pRB protein 4 is 4-5 fold higher than normal in both CD4 + and CD8 + cells. Furthermore, the principal nucleolar protein C23/nucleolin 5, 6 is overexpressed and the area of nucleolar organizer region (NOR) is enlarged. [2] [3] [4] During cell cycle, structural modifications of the NOR area and changes in expression of NOR proteins imply as many important modifications of the nucleolar ultratructure. 7 Thus, our experimental strategy was conceived to study nucleolar remodelling in ex vivo circulating lymphocytes by morphological and biochemical methods.
the HIV-induced demise of CD4 -t cells is thought to be a result of the execution of genetically programmed cell death that occurs in lymphoid tissue, where many resident t cells are chronically hyperactivated. Since HIV-induced alterations of cell cycle control has been often indicated as prominent mechanism of immune hyper activation and cause of apoptotic death, the signal pathway involved in cell cycle dysregulation of t lymphocytes from HIV infected patients was extensively studied.
Here, we also demonstrate that circulating t lymphocytes leave lymphoid tissues with diffused regressive lesions (vacuolization, blebbing, nuclear evanescence and organelle swelling). equally diffused are biochemical anomalies that accompany the overall disarrangement of cell structure, particularly the fragmentation and diffusion into the cytoplasm of C23/nucleolin, the intracellular accumulation of short lived regulatory proteins and the decrease in expression of membrane proteins.
All this is something more than a cell cycle-related remodelling of cell morphology and biochemical mechanisms, and rather recalls a necrotic/oncotic cell damage. Since these changes are associated with adaptive mechanisms to hypoxia, we give evidence for alteration of cell cycle control developing in conditions of scarce energy supply.
remodelling during cell cycle, and secondly because C23 shuttling function is involved in key mechanisms for the control of cell growth in response to a number of stimuli of cell activation, proliferation or death. [5] [6] [7] In nuclear extracts, the levels of both full length and fragmented form of the nucleolin are 4-5 fold higher in infected patients than in healthy individuals. Nucleolin is completely absent in cytosolic extracts from healthy individuals while the levels of cytoplasmic concentration are very high in lymphocytes from patients (Fig. 1A) . Importantly, in the cytoplasmic region, nucleolin is scattered only in fragmented form (Fig. 1A) .
Confocal microscopy analysis allows us to evaluate the nucleolin content per single cell. On the basis of the intensity of nucleolin-linked green fluorescence (Fig. 1B) , one can easily identify
The presence in peripheral blood of a considerable number of these damaged, or even dying, cells likely destined to emocatheresis, is constant in all stages of the infection. All this can seriously compromise the reliability of flow cytometric peripheral T cell counts, thus giving misleading information on immune reconstitution after antiretroviral therapy.
Results
Nucleolin expression: localization of full length and fragmented molecular forms. To study cell cycle related nuclear modifications in circulating T cells, we performed a series of confocal and biochemical analyses using nucleolin (C23) as a molecular probe firstly because changes in C23 localization are part of the nuclear Images have been obtained by laser confocal microscopy after immunofluorescence staining and nucleolin intracellular content was evaluated by applying Display Profile function of the Zeiss LSM 510 laser scanning microscope software. (C) Cell fluorescence intensity from peripheral t lymphocytes. the cell classification is representative of the total study population (16 chronically infected patients, 7 patients with primary infection vs. 7 healthy controls). Statistical analysis was performed as described in Materials and Methods. p < 0.001 statistically significant differences in comparison to controls.
In all classes of nucleolin content, the sharp compartmentalization of full length and fragmented molecular forms, documented in Figure 1A , has been further analyzed by morphometric methods (Fig. 2) . Merging the cell area stained by propidium iodide, PI (red) with the area of nucleolin diffusion (green) allows to appreciate how, in healthy individuals, green fluorescence (nucleolin) is confined to the red area see the yellowish hue localized primarily in the central red region with a distribution ratio between red staining (PI) and green (nucleolin) fluorescence ranging from 2.1 to 3.5. This is in sharp contrast with the wide diffusion of a strong yellow hue found in cells from infected patients, where the ratio between red and green areas was 0.9-1.1, thus suggesting a wide overlap of nucleolin and PI stained cellular structures ( Fig. 2A) . To exactly quantify different classes of nucleolin content (Fig. 1C) . Peripheral T cells can be classified, by imposing arbitrary limits, with class I having the lowest (i.e., MFI = 30-50) and class V the highest (MFI = 180-250) nucleolin fluorescence. In healthy individuals, cells belonging to classes I and II, having low nucleolin content (MFI = 30-70), are present at an average frequency of 26% and 32% respectively; cells belonging to classes III (MFI = 70-100) represent 22% of the total; maximal values are reached in cells of class IV (MFI = 100-180) that represent 20% of the total. In infected patients, classes I and II are not represented at all while class IV prevails substantially (66% of the total). Finally, class V having high nucleolin content (MFI = 180-250), which is not found in controls, includes a significant 18% of the total circulating lymphocytes in infected patients. Membrane damage: loss of surface proteins. During a process of cell death (both apoptotic or necrotic) membrane proteins are progressively depleted, and released into surrounding microenvironment, through plasma membrane blebbing. [9] [10] [11] To determine whether the observed ultrastructural membrane damage (i.e., blebbing and decrease of electron density) is associated with surface depletion, we used multiparametric flow cytometry to perform an immunophenotypic analysis of total peripheral T cell population. As shown in Figure 5 , the expression of CD4, CD8, CD45RO, CD45RA, CD28, CD127, CD62L and CD25 protein is actually reduced on cell membrane of both CD4 + and CD8 + T cells from HIV infected individuals (Fig. 5) . The reduction in expression uniformly concerns, albeit to different degrees, all surface protein tested in both CD4 + and CD8 + T cells from infected patients without any clear cut relation to the functional state of the cell that may show contemporarily a lower expression of the marker typical of naïve or resting cells (i.e., CD45RA, CD62L) or those typical of memory (i.e., CD45RO) or activated (i.e., CD28, CD127, CD25) cells. For example, when categorized with respect to the expression of CD45RA, CD5RO, CD62L, CD28 and IL-2 receptor (CD25), naïve or memory T cells show a similar densities of CD4 and CD8 proteins on cell surface, with values significantly lower in T cells from HIV + patients. Decreased protein ubiquitination and short lived protein accumulation. The HIV induced cell cycle dysregulation (CCD) of T cells is generally thought as an unscheduled overexpression of cyclins that specifically involves the G 2 /M phase-associated cyclin B/Cdk1 complex. [1] [2] [3] [4] 12, 13 The nuclear damage, and related re-localization of C23, however, is reminiscent of morphological lesions typical of regressive events that prevail in proliferating cells when a scarce ATP production turns the process of death toward necrosis. [14] [15] [16] [17] [18] Thus, to verify whether cyclin accumulation is really restricted to cyclins, or rather it reflects a general defect of ATP dependent protein clearance, we measured in parallel the intracellular content of (i) total ubiquitinated proteins, (ii) cyclins (iii) cyclin dependent kinase inhibitors p16 and p21, (iv) tumour suppressor p53 and (v) pro-caspase 3, cleaved caspase 8, and cleaved caspase 9, all substrates of the ATP/ubiquitindependent proteasome. [19] [20] [21] [22] [23] [24] [25] Ex vivo analysis of total intracellular content of poly ubiquitinated proteins documented very low level in lymphocytes from patients, while a substantial inability of these cells to carry out the poly ubiquitination process is confirmed after in vitro activation (Fig. 6A) . The comparative western blot analysis of cyclins, CDKi, p53 and caspase expression shows that all these proteins are accumulated at a significantly higher concentration in infected patients when compared to controls (Fig. 6B ). The differences in intracellular content are better quantified by normalizing the densitometric values of each protein band to 100.
Adaptation of peripheral T cells to hypoxic conditions. That in HIV disease T cells grow in a microenvironment where oxygen supply, ATP production and nutrient availability are anything but optimal has been clearly demonstrated, [26] [27] [28] [29] and that T cell damage stems principally from these microenvironmental conditions is an hypothesis that deserves to be verified. We next investigated the expression of alpha subunit of hypoxia inducible factor 1, the the extension of the nucleolin area, we scanned the entire thickness of the cell using the 3D function of the CLSM (Fig. 2B) . Fluorescence intensity was measured on each single slice (0.75 microns in thickness), and results are reported in Figure 2B . While in controls nucleolin fluorescence is almost totally localized in the zone between 1.5 and 4.5 microns of thickness, in lymphocytes from patients nucleolin is scattered in the entire thickness of the cell.
Ultrastructural features of circulating T lymphocytes: nuclear and membrane damage. The presence of diffused nucleolin fragments in the entire cytoplasmic region suggested to verify the structural conditions of the nucleus by conventional transmission electron microscopy ( Fig. 3) . Although the overall disarrangement of cell architecture, in the setting of a wide morphologic heterogeneity, makes it hard to define a prevailing cytotype, some major alterations in cell ultrastructure can be easily identified. Most cells show various degrees of nuclear damage, from a decrease or almost total absence of chromatin ( Fig. 3A and B), to true nuclear evanescence ( Fig. 3C and D) .
Many cells, particularly when CD8 + phenotype largely prevails, show electron dense granules, either scattered in the cytoplasm or in close connection with a well developed vesicular system, having a dense core sometimes surrounded by a wide lacuna ( Fig. 3B and E) . Interestingly, the formation of well structured granules means that CD8 + T lymphocytes experienced several rounds of cell division. 8 Both granular and agranular cells are massively vacuolized ( Fig. 3B ) and cell membrane integrity is lost, exhibiting a general decrease in electron density and frequent blebs that are shed from the entire surface ( Fig. 3F-I) ; sometimes, cells emit tiny vesicles that include small portions of cytoplasm ( Fig. 3F-I) .
As expected, electron microscopy of the circulating T cell population from healthy controls provides paradigmatic images of normal lymphocyte ultrastructural architecture. A selection of these images shows the prevalence of a classic cytotype of the resting peripheral lymphocyte, having abundant chromatin which makes the nucleus deeply notched and strongly electron dense, and well preserved organelles (mitochondria, Gall body, centriole) which tend to gather toward one of the cell poles (Fig. 3J-L) .
In seven HIV + donors, with evidence of acute HIV infection, we performed electron microscopic analysis before and after seroconversion (Fig. 4) . Before seroconversion, when viremia was very high, peripheral lymphocytes show a normal ultrastructural architecture with frequent electron dense extrusions on the cell membrane; the peripheral population is mostly composed of cells of class I nucleolin content and many lymphocytes have a nucleolin area entirely restricted to a central dot (Fig. 4A) . After seroconversion (Fig. 4B-D) , in spite of the drop in viremia and the increase in CD4 + T cells induced by anti-retroviral therapy (ART), typical signs of ultrastructural cell damage and nucleolin diffusion appear. This prospective study, albeit short, provides some information: (i) T cell damage is independent of peripheral CD4 + T cell count and viral replication; (ii) cell damage is an early event; (iii) nuclear lesions and nucleolin diffusion are simultaneous events. Ultrastructural features by conventional electron microscopy. transmission electron microscopy revealing morphological changes in peripheral t lymphocytes from infected patients. peripheral blood mononuclear cells from HIV-infected patients (A-I; A and B, magnification x8.900; C and D x11.500; F x15.500; G, x145.000; H x73.000, I x52.000) and healthy control (J-L; J and L x8.900; K x15.500) were treated as described in Materials and Methods.
is applied, the DNA damage or alterations of protein processing result in cellular transformation or death.
In resting cells, nucleolin is mainly localized in the fibrillar component of the nucleus [5] [6] [7] while the localization of this protein in other cell compartments implies the involvement of this multi functional protein in specific functions of nucleus-cytoplasm transport in the setting of activation or apoptotic processes. [5] [6] [7] 35, 36 In peripheral T cell from healthy controls, as expected, the compartment-specific retention of nucleolin is typical of resting cells, namely nucleolin is restrained within nuclear limits without signs of membrane or cytoplasmic localization.
In cells from infected patients, instead, nucleolin is present both in full length and fragmented forms in the nucleus, while in cytosolic extracts only fragments, having different molecular mass, are scattered. Rather than a programmed process, this wide distribution, without any specific compartmentalization, likely resulted from a passive (i.e., energy-independent), diffusion of nucleolin fragments consequent to the structural nuclear damage.
DNA binding activity of heterodimeric form of hypoxia inducible factor HIF-1, and the expression of transmembrane glucose carrier Glut 1, all mechanisms of adaptation of immune cells to hypoxia. [30] [31] [32] [33] [34] The EMSA analysis did not show evidence for HIF-1 in T cells from healthy controls, whereas a significant DNA binding activity of transcriptional factor was observed in T cells from HIV + patients (Fig. 7A) . The quantitative RealTime demonstrated that the expression of HIF1 α-subunit in T cells of HIV + patients was 3-4 fold increase in comparison to controls (Fig. 7B) . Notably, these changes demonstrating early adaptation to hypoxic environmental conditions, were associated with increased expression of Glut-1 in T cells from HIV + patients in comparison to controls (Fig. 7C) .
Discussion
In response to environmental stress, cells have evolved such a complex biochemical mechanism associated to cell response and repair. Depending on the stage of the cell cycle at which stress Figure 4 . Ultrastuctural features, nucleolin expression and localization before and after seroconversion. the study by conventional electron microscopy and confocal laser microscopy was performed, as described in Materials and Methods, on seven patients with evidence of a recent or acute HIV infection, before (A) and after antiretroviral treatment (B-D). transmission electron microscopy (magnification x8900) revealing the difference in cell morphology before (A) and after seroconversion (B-D). CD4
+ cell amounts and viral load corresponding to different times after seroconverion (bottom).
( HIF-1alpha), whose stability is regulated by oxygen tension. The HIF-1 is an activator of expression of genes encoding glycolitic enzymes 30, 31, 33 and transmembrane glucose carriers. 33 In the presence of high oxygen tension the prolyl-hydroxylated form of this subunit is targeted for ubiquitin dependent degradation that is catalyzed by the proteasome and mediated by von HippelLindau tumour suppressor protein (VHL). Therefore, the transcriptional regulatory activity of HIF-1 is suppressed in condition of high oxygen tension and stimulated when T cells proliferate in hypoxic areas, for example far from the end of capillaries or in fibrotic areas. [30] [31] [32] [33] [34] It is not surprising that this adaptive system is expressed in T lymphocytes from chronically HIV infected patients. HIV disease has evident inflammatory components, the histological expression of which is the progressive deposition of collagen leading to fibrosis in the secondary lymphoid organ niche. [26] [27] [28] [29] Besides limiting the oxygen supply and the access of T cells to nutrients, growth factors and cytokines, the fibrotic thickening of endothelial structures of the lymph node and the surrounding T cell zone, hinders a normal cell traffic. 26 While the amplification of transmembrane glucose uptake system can be a consequence of the enhanced gene expression due to the transcriptional regulation by HIF-1 or, alternatively, As many reminiscent of an energy independent cell damage is the general decrease of surface proteins accompanied by intense blebbing. In a cell in which a death program has been induced, the blebbing begins during the early stages of cell damage and implies modifications of surface lipid orientation and extrusion of hydrolysed proteins.
9-11 CD4 + micro vesicles extruded from T cell membrane can be easily purified from peripheral blood of HIV infected patients by methods of antigen capture, 9 strongly suggesting that loss from membrane and release in peripheral blood of surface proteins are two complementary aspects of an unique regressive event of membrane break down.
Additionally, evident alteration in short lived protein storage occurred in many peripheral T lymphocytes from infected patients, while low levels of these proteins are present in few cells from healthy subjects. In this context, both cyclin B and cyclin D1, other short-lived proteins, increased in the cells of infected patients. The simultaneous presence of (i) cell cycle inhibitors (p16 and p21), (ii) cell cycle dependent proteins which are usually upregulated in highly proliferating cells (cyclins) and (iii) other substrates of the proteasome, that in different ways are involved in the control of cell growth and death, (p53, pro-caspase 3, cleaved caspase 8, cleaved caspase 9) suggests that proteasomal clearance of short lived proteins should be defective.
A recent analysis of transcriptional profiles of activators and inhibitors of cell cycle demonstrated that in infected patients, the gene expression of cell cycle activators, including cyclins, is in fact upregulated, however it is temporally related to cell cycle phasing; in other words the expression of cell cycle activators is high but scheduled. 37 The fact remains that this pathology of protein accumulation involves regulatory molecules that, in physiological conditions, are scheduled for both synthesis and degradation, at very different times during cell cycle. For example, p16 and p21 are physiologically upregulated in the G 0 and early G 1 phases, and downregulated during the transition from the G 1 to S phase, 21, 22 but in these cells, p16 and p21 intracellular levels are uniformed to that of cyclin B that is synthesized, and rapidly degraded, during G 2 /M phase of cell cycle. 19, 21, 22 This process of protein storage is nothing specific and occurs in the setting of a complete inability of the cell to carry out the energy dependent process of protein poly ubiquitination. Indeed, what has been defined as "HIV induced cell cycle dysregulation" [1] [2] [3] [4] 12, 13 should be re-defined as a mere accumulation of short lived proteins, likely due to lack of poly ubiquitination, in the setting of a metabolic condition which does not permit the complete execution of energy-dependent process of cell death.
Under physiological conditions, immune cells are required to function in various tissue microenvironments with different oxygen tension. The efficiency of immune response is strongly influenced by the ability of T cells to adapt to decreased oxygen supplies by using adaptive molecular systems to switch to anaerobic glycolysis as a main metabolic source of ATP. 30 Hypoxia-inducible factor 1 (HIF-1), the fundamental mediator of adaptation to hypoxia, plays a crucial role in the survival and activity of T cells in chronically inflamed areas. HIF-1 is a heterodimeric transcription factor composed by a constitutively expressed subunit (HIF-1beta) and a one alpha subunit of the University of Messina. At the time of blood collection and in the subsequent experimental testing, CD4 + T cell density ranged from 75 to 1 x 10 3 cells/ml in aviremic patients (viral load <25 copies/ml; n = 13) while in viremic patients (n = 10) viral load ranged from 690 to 2 x 10 6 copies/ml and CD4 + T cell density ranged from 60 to 316 cells/ml.
All but seven patients underwent antiretroviral therapy; peripheral blood mononuclear cells from patients under therapy (n = 16) were analyzed by western blot (WB); confocal laser microscopy (CLM), flow cytometry and conventional transmission electron an adaptive response of highly proliferating cells to the deprivation of small metabolites, the overexpression of HIF-1-alpha mRNA and the presence of HIF-1/DNA complexes are evident biochemical signs of adaptation to hypoxia.
Materials and Methods
Study population. After informed consent, HIV infected patients (total number = 23; 16 chronically infected and 7 with primary infection) were recruited at the Infectious Diseases Department (iii) Nucleolin, cyclin B1, cyclin D. The intracellular amounts of nucleolin, cyclin B1 and cyclin D were measured by western blot as previously described. [1] [2] [3] [4] The measures of total protein poly ubiquitination were carried out by ELISA (Poly-ubiquitinated protein ELISA Kit, Abnova Taipei City, Taiwan) in ex vivo and mitogen stimulated lymphocytes, according to the manufacturer's instructions.
HIF-1alpha mRNA expression and HIF-1 binding activity. Real time-PCR. Total RNA was isolated using TRIzol and reverse transcribed with High Capacity cDNA Archive kit according to the manufacturer's instructions.
Real-Time quantitative PCR experiments were performed in triplicate for each sample with a 7900HT Fast Real-Time PCR System (Applied Biosystems, Foster City, CA). In brief, all reactions were carried out in 20 µl reaction mixtures containing 25 ng of cDNAs, 10 µl of TaqMan Gene Expression master mix (Applied Biosystems), and 1 µl of assay mix to HIF-1α (Hs00936366, Applied Biosystems). The beta-actin (4326315E, Applied Biosystems) was used as reference gene.
The running conditions were as follows: one cycle at 50°C for 2 min, then 95°C for 10 min, followed by 40 cycles at 95°C for 15 s and 60°C for 1 min. microscopy (TEM), as detailed below; a prospective study, limited to the CLM and TEM analyses, was also performed on those patients (n = 7) who were not receiving antiretroviral treatment at the time of blood collection and presented evidence of acute or recent HIV infection as defined by (i) negative HIV antibody and enzyme immunoassay, with detectable HIV RNA levels; (ii) history compatible with recent HIV infection and (iii) laboratory confirmation of recent antibody seroconversion.
The control group was composed of seven normal, uninfected blood donors. In healthy controls, the average CD4 + T cell density was 0.9 x 10 3 cells/ml. Immunological phenotyping was performed by a FACScalibur flow cytometer (Becton Dickinson, San Jose Calif.); viral load was measured by Nuclisens HIV-1 QT, (Nucleic Acid Sequence Based Amplification) NASBA-based amplification (Biomerieux bv, Boxtel, NL) according to manufacturer's instructions. Peripheral blood mononuclear cells (PBMCs) were prepared from venous blood by density gradient centrifugation.
Cell extract preparation, western blot and ELISA. Nuclear and cytosolic extracts. To obtain the cytosolic extracts, after nucleus removal as described (1-3), the cells were lysed for 10 min on ice with 20 mM HEPES (pH 7.9), 0.2 mM EDTA, 1.5 mM MgCl 2 10 mM KCl, containing 0.5% NP40, 10 µg/ ml leupeptin, 10 µg/ml pepstatin, 1 mM sodium fluoride, and 1 mM sodium orthovanadate. Nuclear proteins were extracted from cell homogenate after 20 min incubation on ice using 20 mM HEPES (pH 7.9), 25% glycerol, 0.2 mM EDTA, 1.5 mM MgCl 2 , 0.42 M NaCl, 10 µg/ml leupeptin, 10 µg/ml pepstatin, 1 mM sodium fluoride, and 1 mM sodium orthovanadate. The cytosolic and nuclear proteins were denatured in SDS-sample buffer and 30 µg were fractionated on SDS-PAGE, and then were electrically transferred to a nitrocellulose membrane. Equal protein loading was confirmed by the level of beta-actin protein present in the membrane tested with anti-beta-actin antibody 1:500 (Sigma CA).
Western blot analysis. (i) Caspases, p21, p16, p53. Anti-caspase 3, anti-caspase 8, anti-caspase 9, anti-p16, anti-p21 and anti-p53 (1:200) MAbs were purchased from Cell Signaling Technology, Inc., Beverly MA. Blots were incubated overnight at 4°C, followed by incubation with horseradish peroxidase-conjugated secondary antibody. Blots were treated with enhanced chemiluminescence reagents, and proteins were detected and quantified by ChemiDoc System (Bio-Rad, Hercules, CA).
(ii) Glut-1. After cell homogenization, proteins were separated by 8.5% SDS-PAGE, and transferred to nitrocellulose membranes. Blots were blocked overnight at 4°C with 5% non-fat dry milk; then membranes were probed with rabbit anti-Glut-1 polyclonal antibody (diluted 1:1,500 in TBS-T) (AnaSpec, CA, USA) or mouse anti-beta-actin (diluted 1:5,000 in TBS-T) followed by incubation with horseradish peroxidase-conjugated anti-rabbit and mouse secondary antibodies (respectively diluted 1:3,000 and 1:10,000 in TBS-T) (Sigma-Aldrich). The Glut-1 expression was visualized by chemiluminescence with ECL kit on Kodak film. Blots were scanned and quantified by densitometric analysis with AlphaImager 1200 System (Alpha Innotech, San Leandro, CA, USA). from Becton Dickinson, San Jose, CA) and CD127-PE (Beckman Coulter, Miami, FL). Flow cytometric acquisition of samples was performed on at least 100,000 events on a FACScalibur flow cytometer. Analysis of the acquired data was performed using FlowJo software (Tree Star, Inc., Ashland, OR).
Statistical analysis. The performed analyses included the twotailed Student's t test or Mann-Whitney U test for comparisons between groups, while correlations involving different sets of data within the same group were determined using either the standard Pearson correlation coefficient or the Spearman's rank correlation test. Significance was assessed at the p < 0.01 and p < 0.05 levels. All analyses were performed using Prism 4.0 software.
Concluding Remarks
All together, aberrant ultrastructural features (in particular nuclear and organelle damage), biochemical anomalies typical of a cell committed in a death process in the absence of ATP, and activation of DNA binding activity of heterodimeric transcription factor HIF suggest that cell damage found in circulating T lymphocytes is nothing but a maladaptive response to the reduced oxygen supply. On the other hand, it is well known that intracellular ATP content of circulating T cells from HIV + subjects is lower than normal and that these cells are unable to synthesize ATP even after activation. 38 Our study has some practical implications in clinical pathology of HIV infection. The diagnostic approach to this disease relies on two basilar notions; one is that, circulating T lymphocytes, albeit viable, possess an enhanced sensitivity to apoptotic stimuli, [39] [40] [41] the other is that T cell reconstitution after antiretroviral therapy is a multi-phase process (i.e., an early increase of memory CD4
+ cells followed by a reduction in T cell activation and a late rise of "naïve" CD4 + lymphocytes) that can be monitored by the flow cytometric count of peripheral CD4 + and CD8 + T cells. 42 Since the expected information concerns the homeostatic renewal of the numerical consistency of T cell compartment, one assumes that the flow cytometric count is performed on samples of T cells that, albeit hyper-activated or even primed for apoptosis, are however representative of the ability of immune system to reconstitute itself. Instead, as we demonstrated here, besides being primed for apoptosis, a consistent aliquot of T cells is already in an advanced stage of biochemical and structural cell damage and is likely destined to emocatheresis. This aliquot is usually included in the flow cytometric count without any possibility of evaluating its numerical consistency. It is true that this type of evaluation cannot be easily performed by diagnostic methods currently in use, however the presence of this circulating T cell fraction, and its impact on circulating T cell count, should be taken in the account at least in case of evident viroimmunologic discordance after ART.
Data were collected using SDS 2.1 software and analyzed by RQ manager (Applied Biosystems) software using the Delta delta Ct method.
Electrophoretic mobility shift assay. In brief, cells were homogenized in ice-cold hypotonic lysis buffer, then centrifuged at 10,000 rpm for 1 min at 4°C. The nuclear pellet was resuspended in ice-cold hypertonic nuclear extraction buffer, incubated on ice for 20 min and centrifuged at 10,000 rpm for 10 min at 4°C. The supernatant was collected as nuclear extract, and protein concentration was determined by Bradford assay.
Nuclear extracts were assayed for HIF-1 binding activity using a Biotin labeled probe (5'-AGC TTG CCC TAC GTG CTG TCT CAG A-3') (Panomics). Electrophoretic Mobility Shift Assay was carried out according to the manufacturer's instructions included in the Panomics EMSA Kit.
Immunofluorescence staining and confocal laser microscopy. Peripheral blood mononuclear cells were fixed on polylysined slides using 3.7% paraformaldehyde for 15 min at room temperature. To detect C23 protein, cells were treated with Triton X100 (Sigma-Aldrich) and washed with phosphate buffered saline. After two washes, monoclonal anti-C23 antibody FITC conjugated, 1/100 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) and/or propidium iodide (5 µg/ml, Sigma-Aldrich) were added, in a dark, humidified chamber (30 min; 37°C).
Cells were observed and images were acquired with a Zeiss LSM 510 laser scanning microscope (Argon laser 458-488 nm; HeNe laser 543 nm and 633 nm; Plan-Neofluar lens). Images were processed by LSM510 Image Examiner-Zeiss software. All images were digitalized at a resolution of 8 bits into an array of 2,048 x 2,048 pixels. Optical sections of fluorescence were obtained at 1 min, 12-sec scanning speed using a pinhole of 329.
Electron microscopy. To obtain suitable specimens for ultrastructural analysis by conventional transmission electron microscopy, freshly isolated peripheral mononuclear cells (at least 2 x 10 6 ) were packed by centrifugation at 2,500 rpm for 10 min. After a PBS washing, cell block was rapidly fixed with 2.5% glutaraldehyde in phosphate buffer 0.13 M pH 7.2-7.4 for two hours at room temperature and stored at +4°C after washing in 0.13 M phosphate buffer pH 7.2-7.4 to maintain physiological osmolarity. Postfixation was carried out in 1% OsO 4 buffered to pH 7.2 with 0.1 M phosphate buffer containing 0.54% glucose. Specimens were dehydrated in ethanol at increasing concentrations (50%, 70%, 95%, 100%, 15 min each) and then treated by Durcupan. Semi-thin sections, stained at 40°C with 1% toluidine blue, were evaluated by light microscopy to facilitate the choice of thin section areas. Staining of thin sections, collected on nickel or copper grids, was performed with uranyl acetate, 70% methanol and lead citrate for 10 and 15 min respectively. Observations with a Philips CM transmission electron microscope were performed at 80 KV.
Flow cytometric analysis. Multicolor flow cytometric analysis was performed according to standard procedures using a panel of monoclonal antibodies. The antibodies used in the study included: CD3-PE, CD4-PE, CD4-APC, CD8-APC, CD25-PE, CD28-PE, CD45RA-APC, CD45ROAPC, CD62L-PE, (all
